SITE CHARACTERIZATION FOR PROBABILISTIC GROUND SHOCK 1/1
PREDICTIONSCU) ARMY ENGINEER WATERMAYS EXPERIMENT
. STRATION VICKSBURG MS STRUCTURES LAB J G JRCKSON JUL 82
UNCLASSIFIED MES/MP/SL-82-8 F/G 19/4

-AD-A126 398




P

revrvrv

ol N PH

JLL &
=ik
o =

e
22 it pes

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




8

[
°
MISCELLANEOUS PAPER SL-82-8
SITE CHARACTERIZATION FOR PROBABILISTIC *
GROUND SHOCK PREDICTIONS
by
°
J. G. Jackson, Jr.
Structures Laboratory
U. S. Army Engineer Waterways Experiment Station
P. O. Box 631, Vicksburg, Miss. 39180
°
July 1982
Final Report d
I\Approved For Public Release; Distribution Unlimitﬁl

N

e e — A

Prepared for Defense Nuclear Agency
Washington, D. C. 20305

Under Task HS3BAXSX, Work Unit 00014

— 82 10 18 104




"F MR G &
-

Destroy this report when no longer needed. Do not return
it to the originator.

The findings in this report are not to be construed as an official
Department of the Army position unless so designated.
by other authorized documents.

The contents of this report are not to be used for

advertising, publication, or promotional purposes.

Citation of trade names does not constitute an

official endorsement or opproval of the use of
such commercial products.




Unclassitied
SECURITY CLASSIFICATION OF Tt1S PAGE (Wnhen Dats Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORTY NUMBER 2. GOVT ACCESSION NOJ 3. REC|PIENT'S CATALOG NUMBER
Miscellaneous Paper SL-82-8 Alz e 39]
4. TITLE (and Subtitle) $ TYPE OF REPORT & PERIDD TCVERED
SITE CHARACTERLZATION FOR PROBABILISTIC I'inal report

GROUND SHUCUK PREDICTIONS €. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(a) 8. CONTRACT OR GRANT NUMBER(a)

J. G. Jackson, Jr.

10. PROGRAM ELEMENT. PROJETY, TASK

9. PERFORMING ORGANIZATION NAME AND ADDRESS
AREA & WORK UNIT NUMBERS

U. S. Armv bngineer Waterways Experiment Station

structures Laboeratory DNA Task U53BAXSX,
. 0. Box 631, Vicksburg, Miss. 39180 Work Unit 00014
11, CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

July 1982

Defense Moo lear Agency

Washiington, . G, 20305 13. NUMBER OF PAGES

T4 MONITCRING AGENCY NAME & ADDRESSrIf difforent from Controlling Office) 15. SECURITY CLASS. (of thia rapsrt)

Unclassified

T5a. DECLASSIFICATION. DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for pubjiic release; distribution unlimited.

17 DISTRIBUTION STATEMENT rof the abatract entered In Block 20, If different from Report)

8. SUPPLEMENTARY NOTES Available from National Technical Information Scrvice, 5285
Port Reyal Road, Springfield, Va. 22151.

This paper is essentially a presentation given during the Deiense Nuclear Agency
Strategic Structures Division Review Conference held at SRI International, Menloe
Park, Calif., %6 May 1982.

19. KEY WORDS (Continue on reverae side 1{ nocessary and identify by block number)

Dviamic in-sitn compressibility tests Site characterization
X horizontal shelters Soil compressibilicy

Novada-Utan siting area Vertical particle velocity
Probabiiistic ground shock predictions Vertical rattlespace

20. ABSTRALT rCantinue en reverse side }f neceesary and |dentify by block number)

Ihe codes that are currently used to caleulate explosive-praduced preomd
shioc k cavironments arce deterministic tools; i.e.. their input paramciers are
specitied as single-valued "representative” quantitics. This procedure, which
ipiereat!y assmmes that the caleulated ground shock output wili be me m-valued
"best estimates ' is questionable since many of these input paruneters oucn
the carth material properties and the applied blast loading characteristic.

(Continy o Jdi

DD ,"O0%™ . 173  €OoiTion OF ' NOV 65 15 OBSOLETE

* oo
e Unclassitiod
SECURITY CLASSIFICATION OF THIS PACT - Whaun Date Fnte »
- - - - - - - - - - - -

o

-

J S

—— e "

R




-t

v

v'va

T

Unclassified

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

20. ABSTRACT (Continued)

are random variables. Thus the resulting state of stress and ground motion are
also random variables, and the ground shock calculation problem should be
treated probabilistically.

N,
T probabilistic methodology is described for determining the statistical

distribution of vertical rattlespace required for MX multiple protective
shelters sited within the alluvial valleys of central Nevada and eastern Utah.
The approach involves (a) identifying the critical ground motion parameters and
the input quantities which dominate their calculation, (b) conducting field and
laboratory investigations to define the statistical variation of these quanti-
ties within the siting area, and (c¢) performing ground motion calculations with
a probabilistic wave propagation code. Calculations for the high-explosive
Dynamic In-Situ Compressibility (DISC) tests conducted in Ralston Valley,
Nevada, are used to iliustrate the probabilistic methodology. .~

Unclassified

! SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

— e e

At s




PREFACE

j This paper was prepared to document a presentation given during
Session III--Cratering, Ejecta, Ground Shock--of the Defense Nuclear
Agency (DNA) Strategic Structures Division Review Conference held at

a SRI International, Menlo Park, California, on 4-6 May 1982,

i! The purpose of the presentation was to outline the site charac-
terization methodology developed for DNA in support of the Air Force MX
Multiple Protective Shelter program and to illustrate some recently

developed probabilistic ground shock prediction and analysis tools.

The presentation was prepared by Dr. J. G. Jackson, Jr., and his
associates in the Geomechanics Division of the Structures Laboratory
(SL), U. S. Army Engineer Waterways Experiment Station (WES).

Mr. Bryant Mather was Chief of SL during the preparation of this
paper. The Commander and Director of WES was (OL Tilfora C. Creel, CE,

and the Technical Director was Mr. F. R. Brown.

— - e

)
-— —
—&
- m ]
[
y
S
4
ot .'4
- .'fA4
o 4
-
L4
C
i S 8
o
- . . 4
ﬂ
.
9
- A
4
L
P




2 4 "—vv‘ PP I‘I"VV"A
0

PREFACE . . . .

.

CONTENTS

.

.

CONVERSION FACTORS, NON-SI TO SI (METRIC)

_

"

WP N L- ——

Lo

UNITS OF MEASUREMENT . . . . . . . . . . .

SITE CHARACTERIZATION FOR PROBABILISTIC
GROUND SHOCK PREDICTIONS . . . . . . . . . .

REFERENCES
VIEWGRAPHS 1-25

)
4
. .
®
- -t
@
1
@
®
T g
. '.‘
®
®
- R
b
4




T p———

" B

e

AL AR s e oo

4

T

CONVERSION FACTORS, NON-SI TO SI (METRIC)
UNITS OF MEASUREMENT

Non-SI units of measurement used in this paper can be converted to SI

(metric) units as follows:

Multiply

feet
inches
pounds (mass)

square miles (U. S. statute)

By
0.3048
0.0254
0.45359237
2.589998

To Obtain

neters
meters
kilograms

square kilometers
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SITE CHARACTERIZATION FOR PROBABILISTIC GROUND SHOCK PREDICTIONS

Viewgraph 1

The codes that we currently use to calculate explosive-produced
ground shock environments are deterministic tools; i.e., their input
parameters are specified as single-valued quantities. But in reality,
much of this input--such as the earth material properties and the
applied blast loading characteristics—--are random variables, which means
that the resulting state of stress and ground motion are also random
variables. Thus, the ground shock calculation problem should be treated
probabilistically.

There is aothing new about that conclusion--a probabilistic
approach to ground shock prediction has long been recognized as the
ideal way to go. But it took the ill-fated MX Multiple Protective
Shelter (MPS) concept to convince us that it is the only way to go.

Viewgraph 2

Geologic profile and soil property estimates related to our land-
based ICBM systems are usually provided on a site-specific basis. Titan
involved only 18 sites within each of three relatively compact deploy-
ment areas. Site-by-site characterization for Minuteman was much more
difficult--involving 150 to 200 sites in each of six areas--but it was
still manageable. But when the Air Force proposed playing a 'shell
game’ with 4600 shelters scattered over an 8000- to 9000-square-mile#*
area of Nevada and Utah, a probabilistic approach was no longer nice--it
was absolutely necessary.

Viewgraph 3

The Nevada-Utah siting area for MX/MPS consisted of 47 alluvial
valleys of the Basin and Range physiographic province. Soil deposits
that result from similar geologic processes and have similar composition
(such as density, water content, and gradation) generally have similar
engineering properties (such as compressibility and shear strength). So
our site characterization approach was to quantify the variability of
the key ground shock-relevant geotechnical properties within one of
these valleys and then statistically correlate the results with parame-
ters which could readily be measured in the other 46 valleys.

The question then was '"What are the key ground shock-relevant
geotechnical properties?" The answer, of course, depends on the
designer's problem!

* A table of factors for converting non-SI units of measurement to SI
(metric) units is presented on page 3.
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Viewgraph 4

BMO said that the amount of vertical rattlespace--defined as the
maximum relative displacement between the shelter and a free-falling
missile--was & major cost driver, and wanted a statistical distribution
of this requirement for the Nevaca-Utah area. Rigid-body motion of the
horizontal MX shelter can be approximated by the free-field vertical
ground motion at the invert depth, which is dominated by the airslap
impulse and the uniaxial strain compressibility of the dry alluvial soil
above the first major reflector--usually either the groundwater table or
bedrock. But groundwater tables and bedrock can be quite deep in the
Nevada-Utah valleys, so determining the compressibility of all of the
dry alluvium in them would still have been quite a job. We were fortu-
nate, however, in that a series of sensitivity calculations showed that
vertical rattlespace for the MX horizontal shelter problem was
unaffected by anything below a depth of 150 feet.

With the above as a background, we developed a program to address
the rattlespace issue.

Viewgraph 5

The time driver for the program was the date required for B-4
Specifications to support design of the horizontal shelter. There were
three parts to the program--(l) a detailed study of soil compressibility
in Ralston Valley, Nevada, (2) two large high-explosive Dynamic In Situ
Compressibility (or DISC) tests in Ralston Valley, and (3) acquisition
of seismic velocity and other geotechnical data from eight valleys that
were statistically distributed across the siting area.

Viewgraph 6

The Ralston Valley Soil Compressibility Study was a statistical
study of one valley to generate baseline data applicable to other
geologically-similar valleys. With the assistance of Professor Erik
Vanmarcke of MIT, a probabilistic sampling and testing program was
designed (Reference 1) to define the valley-wide variation of uniaxial
strain compressibility to a depth of 150 feet~-and if possible, to
correlate compressibility with data that were either alrecady available
or could readily be obtained (such as the P-wave velocities from seismic
refraction surveys).

Viewgraph 7

Fugro National, Inc. (now Ertec Western, Inc.) defined the suit-
able siting area for Ralston Valley (Reference 2). Within this area we
obtained soil samples and seismic velocity data from four widely-spaced
borings at each of 17 iocations; at two of these locations, additional
soil samples and seismic P-wave data were obtained from a large number
of closely-spaced borings (References 3-5). And we conducted DISC tests:
at 2 of the 17 sites (References 6 and 7).
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Viewgraph 8

This viewgraph shows the random variation in static uniaxial strain
results from 16 tests conducted on samples from one site--the samples
were all extracted from the upper 6 meters from 12 borings that were all
drilled within a 6-meter radius (Reference 8). There is substantial
variation in the loading data, but very little in the unloading data.

Viewgraph 9

Dynamic uniaxial strain tests were conducted with rise-times to 8
MPa ranging between 3 and 4 msec.

This viewgraph shows the depth-biased variation in dynamic uniaxial
strain from eight tests conducted on samples from six different sites—-
these samples were extracted at 6-meter intervals from a depth of 3
meters down to 46 meters (Reference 8).

Results from over 350 uniaxial strain tests were digitized and
stored in a computer data bank along with all the seismic velocity,
density, and gradation data (Reference 9). Statistical correlation
analyses were then performed.

Viewgraph 10

This viewgraph illustrates the statistical correlation we developed
between seismic P-wave velocity and dynamic laboratory compressibility.
Given only a seismic velocity and a density, the program computes
seismic compressibility and then predicts dynamic lab compressibility.
The value of dynamic lab compressibility expected between 1.5 and 5.9
meters at the DISC Test I site is shown with a 90 percent confidence
interval.

But what we want to predict is not seismic compressibility or
dynamic lab compressibility, but dynamic in-situ compressibility--to do
that, we needed the DISC tests.

Viewgraph 11

The DISC test surface loading was produced by a circular explosive
charge designed by AFWL--15,000 1lbs of Iremite was placed in a 90-foot-
diameter cavity and confined by a 10-foot-high soil berm. Ground
motions were measured by a double array of accelerometers placed at
preselected intervals to a depth of 15 meters. A state of uniaxial
strain was produced in the ground to a depth of about 6 meters; lateral
restraint on the gages below 6 meters was reduced by relief waves from
the cavity edge.
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Viewgraph 12

This photograph shows the circular foam-HEST charge being laid out
for center detonation.

Viewgraph 13

This photograph shows the soil berm being constructed to confine
the charge.

Viewgraph 14

If you have seen one, you have seen them all!

Viewgraph 15

This is a composite plot showing the rise portions of the part: »
velocity waveforms that were measured in the upper 6 meters of DiSC -
I. Wave speeds for different particle velocity amplitudes were comy
for each depth interval and one-dimensional plane wave theory used |
deduce stress-strain relations.

the (7

Viewgraph 16

The average in-situ stress-strain relation that was deduced from
the 0- to 6-meter particle velocity wavefront measurements is plotted in
this viewgraph for comparison with the seismic and dynamic lab com-
pressibilities that were previously shown in Viewgraph 10.

Now I plan to illustrate some recently developed probabilistic
analysis tools by using the DISC Test I data to make a probabilistic
ground shock prediction for DISC Test IT. We assumed in-situ compress-
ibility in the upper 6 meters of Ralston Valley to be a random
variable--and since the curve deduced from the DISC Test I particle
velocities js the only dynamic in-situ compressibility relation for
Ralston Valley, we assumed it to be the mean relation.

Viewgraph 17

We then used coefficients of variation computed from the lab
uniaxial strain loading data to derive standard deviation bounds for the
in-situ uniaxial strain loading relation., As previously shown, there
was very little variacion in the lab unloading stress-strain data,
so we used a constant unloading relation in the probabilistic calcula-
tions. Soil density was also input as a constant, since its coefficient
of variation was only about 5 percent.

There were only two random variables in the calculations--the
in-situ compressibility relation and the airblast loading function., The
explosive charge design for DISC Test II was identical to that for DISC
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Test I, so we used the DISC Test I data to define airblast variability
for the DISC Test II predictions.

Viewgraph 18

This viewgraph shows the nine blast pressure measurements for DISC
Test I. But it is the airblast impulse that primarily affects particle
velocity at depth, so we statistically analyzed the nine impulse plots
obtained by integrating the DISC Test I blast pressure measurements-—-

Viewgraph 19

and produced this mean impulse function and its standard deviation
bounds. Airblast pressure drivers for the probabilistic 1D calculations
were then obtained by differentiation.

We have two probabilistic analysis codes—--one is based on the
method of partial derivatives described by Benjamin & Cornell (Reference
10); the other uses a point—-estimate method published by Rosenblueth in
1975 (Reference 11). When there are n uncorrelated random variables,
both methods require 2nt+l deterministic calculations; since our
problem had two independent variables, five 1D calculations were
required. We used both methods and obtained essentially identical
results,

Viewgraph 20

This viewgraph shows our prediction of particle velocity at the 3-
meter depth for DISC Test II1. The solid line is the expected value
obtained from the probabilistic analysis. The dashed-line result was
obtained from a 1D calculation in which mean values were used fc: all
input variables--and is akin to the ''best estimate'" we would obtain
using "representative" properties for input. While in this case the
difference is small, it does illustrate the fact that simply using
average or mean input does not necessarily lead to the most probable
solution.

But a probabilistic analysis does a lot more than just provide
expected values--it also provides information about uncertainties.

Viewgraph 21

This viewgraph shows the coefficient of variation associated with
the expected value--or the uncertainty of the output due to the combined
uncertainties of the input. It also shows--as a percentage--the rela-
tive contribution of each input uncertainty to the overall output
uncertainty.

Note that the largest uncertainties are associated with the rise
portion of the particle velocity waveform and are due almost entirely to

esnmbaateth




uncertainty in soil compressibility~-uncertainty in the airblast impulse
has very little effect on rise time. But as time goes on, the airblast
impulse contribution steadily increases while the soil compressibility
contribution steadily decreases--and it should decrease, because com-
pressibility during unloading was a constant and not a random variable.

Viewgraph 22

This viewgraph shows our DISC Test IT prediction compared with the
DISC Test II data. The comparison looks pretty good to me, but then
beauty is in the eye of the beholder--which leads me to say that we have
long needed a less subjective (or prejudiced) way of assessing the
degree of agreement or disagreement between computational and experi-
mental results. That is by no means an original conclusion, i.e., at
the last one of these conferences (in 1979) Tom Geers of Lockheed Palo
Alto said precisely the same thing during an underwater shock session.

Geers suggested an objective method for computing relative differ-
ences (or errors) both in magnitude and in phase-and-frequency between
two transient response histories (Reference 12). We picked up on it and
used it to compare each of the three mecasured DISC Test Il waveforms to
the calculated waveform.

Viewgraph 23

This viewgraph shows the magnitude errors and the phase-and-
frequency errors computed for each of the three measured waveforms. The
errors associated with two of these waveforms are small and essentially
identical. They appear to be somewhat larger for the dashed line, but
that is really only true during the initial 2- to 3-msec toe (or
precursor).

Viewgraph 24

We also compared the mean of the three DISC Test II measurements
with the calculated expected value. The magnitude error has a plus-and-
minus oscillation during the rise portion and then settles on a value of
about minus 10 percent. The phase-and-frequency error is essentially
zero.

Viewgraph 25

And finally, for the rattlespace calculations, we were interested
in when things started moving at the 3-meter depth, not when the air-
blast initially loaded the ground surface--so we replotted the expected
value of particle velocity in terms of time minus arrival time at 3
meters. We then produced the probabilistic ground shock product of
primary interest to all system designers, i.c., confidence intervals
about the expected value.
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PROPOSED NEVADA-UTAH SITING AREA FOR MX/MPS
(47 CANDIDATE VALLEYS)
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RALSTON VALLEY
SUITABLE SITING AREA

® SOIL SAMPLE AND
SEISMIC SURVEY SITE

(O Disc TEST SITE

NELLIS AIR FORCE RANGE
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